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APPARATUS AND METHOD FOR 
CLEANING INTERNAL 
CHANNELS OF AN ARTICLE 

Background of Invention 

[0001] This invention relates to methods for cleaning articles. More particularly, this 
invention relates to methods for cleaning debris from internal channels of articles 
such as, for example, gas turbine engine components. This invention also relates to 
apparatus used to clean the internal channels of such articles. 

[0002] In a typical gas turbine engine, compressed air is mixed with fuel in a combustor 
and ignited, generating a flow of hot combustion gases through one or more turbine 
stages that extract energy from the gas, producing output power. Each turbine stage 
includes a stator nozzle having vanes that direct the combustion gases against a 

y 

corresponding row of turbine blades extending radially outwardly from a supporting 
rotor disk. The vanes and blades are subject to substantial heat load, and, because the 
efficiency of a gas turbine engine is related to gas temperature, the continuous 
demand for efficiency translates to a demand for airfoils that are capable of 
withstanding higher temperatures for longer service times. 

[0003] turbine airfoils on such components as vanes and blades are usually made of 

superalloys and often employ internal cooling channels to avoid overheating the 
component to temperatures beyond the capabilities of these materials. The term 
"superailoy" is usually intended to embrace iron-, cobalt-, or nickel-based alloys, 
which include one or more other elements including such non-limiting examples as 
aluminum, tungsten, molybdenum, titanium, and iron. The internal air-cooling of 
turbine airfoils is often accomplished via a complex cooling scheme in which cooling 
air flows through channels, often serpentine in shape, within the airfoil ("internal 
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channels" or "internal cooling channels") and is then discharged through a 
configuration of small cooling holes at the airfoil surface. Convection cooling occurs 
within the airfoil from heat transfer to the cooling air as it flows through the internal 
cooling channels. 

[0004] A considerable amount of cooling air is often required to sufficiently lower the 
surface temperature of an airfoil. This cooling air generally contains particulate 
matter, such as dust, sand, mineral deposits, and other foreign matter entrained in 
the air taken in to cool the engine. The particles can adhere to the walls of the internal 
cooling channels and accumulate to a point where the cooling air flow through the 
channel is partially or completely restricted. The resulting restrictions in cooling 
h airflow promotes higher component operating temperatures and the accompanying 

y ^^^^ performance problems, including severe damage to the component due to 

lii overheating. 

s. •• 

[0005] in order to extend the life of costly gas turbine engine components, debris 

r accumulations in the internal cooling channels are periodically removed by any of 

m ■ 

various cleaning processes, including autoclave processes wherein the component is 
Ul exposed to high temperature and high pressure fluid for a period of time; and 

p ultrasonic cleaning, wherein the component is immersed into a cleaning fluid and 

ultrasonicaily agitated- Both of these methods are effective in cleaning simple 
components, but are not nearly as effective for cleaning components with complicated 
internal passages, for example, as found in a gas turbine blade. Effective cleaning 
processes remove substantially all of the debris accumulated within the internal 
channels; at the same time, cleaning processes strive for efficiency, due to the large 
numbers of components, such as airfoils, that must be cleaned when overhauling even 
a single gas turbine engine. Therefore, there is a need to provide an effective methods 
and apparatus for efficiently cleaning gas turbine components, especially those with 
complicated geometry, as in the exemplary case of a gas turbine blade with internal 
cooling passages. 

Summary of Invention 

[0006] 

Embodiments of the present invention are provided to address these and other 
needs. One embodiment is a method for cleaning internal channels in an article. The 
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method comprises providing an article that comprises at least one internal channel. 
The at least one internal channel comprises at least one inlet port and at least one 
outlet port. The method further comprises providing a cleaning apparatus, and this 
cleaning apparatus comprises a cleaning fluid, a reservoir containing the cleaning 
fluid, a transmitter of vibrational energy projecting into the reservoir, the transmitter 
comprising a transmitter tip, and a source of vibrational energy coupled to the 
transmitter, with the vibrational energy comprising a frequency and a wavelength. The 
reservoir of the provided apparatus comprises an interface adapted to accommodate 
attachment of the reservoir to the article, and this interface comprises an orifice to 
allow fluid communication between the reservoir and the at least one internal channel 
of the article. The method further comprises attaching the article to the apparatus at 
the interface. 

I [0007] Another embodiment is the cleaning apparatus described above for use in the 

method of the present invention. The apparatus comprises a cleaning fluid; a reservoir 
I containing the cleaning fluid, the reservoir comprising an interface adapted to 

accommodate attachment of the reservoir to an article comprising at least one internal 
channel, the at least one channel comprising at least one inlet port and at least one 
exit port, the interface comprising an orifice to allow fluid communication between 
the reservoir and the at least one internal channel of the article; a transmitter of 
vibrational energy adjustably projecting into the reservoir; and a source of vibrational 
energy coupled to the transmitter, the vibrational energy comprising a frequency and 
a wavelength. 

Brief Description of Drawings 

100081 These and other features, aspects, and advantages of the present invention will 
become better understood when the following detailed description is read with 
reference to the accompanying drawings in which like characters represent like parts 
throughout the drawings, wherein: 

[0009] Figure 1 is a schematic representation of an example of the apparatus of the 
present invention. 

Detailed Description 
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[0010] In part, the method of the present invention comprises providing an article. As the 
non-limiting example depicted In Figure 1 illustrates, the article 20 comprises at least 
one internal channel 22, and the at least one internal channel 22 comprises at least 
one inlet port 24 and at least one outlet port 26. In certain embodiments, providing 
the article 20 comprises providing a gas turbine engine component, for example, a 
gas turbine blade. 

[001 1] The method of the present invention further comprises providing a cleaning 

apparatus 1 0, such as, for example, the cleaning apparatus 1 0 depicted in Figure 1 . 
The apparatus 1 0 comprises a cleaning fluid 1 2. Any fluid medium type, including 
liquids and gasses, for example, is suitable for use in the apparatus 1 0, but often the 
fluid 1 2 comprises a liquid. In certain embodiments, the fluid 1 2 comprises water. In 
other embodiments, the fluid 1 2 comprises at least one of an acid and a base, in order 
to provide enhanced cleaning through chemical interaction between the fluid 1 2 and 
the foreign material to be removed. In still further embodiments, the fluid 1 2 
comprises a surfactant, which enhances wetting of the fluid 1 2 to any internal 
surfaces and the surface of the foreign material, again to provide enhanced cleaning. 
In certain embodiments, the fluid 1 2 comprises abrasive solid particles, which provide 
enhanced cleaning by mechanical interaction with the foreign material. 

[001 2] Cleaning apparatus 1 0 further comprises a reservoir 1 4 containing the cleaning 

fluid 1 2. Reservoir 1 4 comprises an interface 1 6 adapted to accommodate attachment 
of reservoir 1 4 to article 20; that is, interface 1 6 is shaped to conform to article 20 to 
allow for a fluid-tight connection to be achieved between reservoir 1 4 and article 20. 
Interface 16 comprises an orifice to allow fluid communication between reservoir 14 
and the at least one internal channel 22 of article 20. In some embodiments, reservoir 
1 4 further comprises a cleaning fluid inlet 28 connected to a source of cleaning fluid 
30, and a cleaning fluid outlet 32 to expel excess cleaning fluid 1 2, and the method of 
the present invention in these embodiments further comprises flowing the cleaning 
fluid 1 2 from fluid source 30 through the reservoir 1 4 and the at least one internal 
channel 22 of article 20, and out through cleaning fluid outlet 32. Flowing the fluid 1 2 
enhances the cleaning power of apparatus 1 0 by allowing for mechanical interaction 
with any foreign material, as well as by constantly providing fresh cleaning fluid 1 2 to 
the areas of article 20 to be cleaned. To exploit this enhancement further, in certain 
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embodiments providing the cleaning apparatus 1 0 further comprises providing a fluid 
circulator 34 coupled to cleaning fluid outlet 32 and source of cleaning fluid 30 , and 
flowing comprises circulating the cleaning fluid 1 2. Fluid circulator 34, for example, a 
pump, circulates fluid 1 2 from the fluid outlet 32 back to fluid source 30, and the 
returning fluid 1 2 is filtered, if necessary, to remove foreign materials. In particular 
embodiments, interface 1 6 further comprises a manifold 36 in fluid communication 
with at least one internal channel 22 of article 20, and flowing the cleaning fluid 1 2 
further comprises flowing the fluid 1 2 through manifold 36 to direct the fluid 1 2 into 
the at least one inlet port 24 of the at least one internal channel 22 and out of the at 
least one exit port of the at least one internal channel 22. The use of manifold 36 is 
particularly advantageous where article 20 comprises a plurality of entry and exit 
Q ports. 

[001 3] Reservoir 14, in some embodiments, comprises a material that is substantially 
inert to the cleaning fluid, meaning that the cleaning fluid does not react chemically 
%| with the material comprising reservoir 1 4 to a point where the cleaning properties of 

I.. the fluid or the dimensions of reservoir 1 4 are significantly altered. In particular 

yi embodiments, the material comprising reservoir 14 is polytetrafluoroethylene. 

H [001 4] Cleaning apparatus 1 0 further comprises a transmitter 38 of vibrational energy 
fli projecting into the reservoir 1 4, the transmitter 38 comprising a transmitter tip 39; 

and a source of vibrational energy 40 coupled to the transmitter 38. In some 
embodiments, transmitter 38 comprises a probe, such as, for example, a metal probe 
commonly used in the art to transmit sonic and ultrasonic energy. In other 
embodiments, transmitter 38 comprises a horn, such as, for example, a metal horn 
also used in the art to transmit sonic and ultrasonic energy. The vibrational energy 
transmitted comprises a frequency and a wavelength. In certain embodiments, source 
of vibrational energy 40 is tunable, meaning that source of vibrational energy 40 has 
the capability to provide energy of a frequency that is selected from a range of 
available frequencies. 



[0015] 



The method of the present invention further comprises attaching article 20 to 
apparatus 1 0 at interface 1 6. Those skilled in the art will appreciate that attaching 
article 20 to apparatus 10 is accomplished using any of a variety of suitable methods. 
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including clamping apparatus 1 0 to article 20; applying fasteners such as screws or 
bolts to attach article 20 and apparatus 10; using a threaded junction to attach article 
20 and apparatus 1 0; and the like. 

[001 6] In some embodiments, the method of the present invention further comprises 

transmitting vibrational energy from source of vibrational energy through transmitter 
38 to article 20. The use of vibrational energy, such as sonic and ultrasonic energy, 
enhances the cleaning capability of apparatus 1 0 by fracturing and loosening foreign 
material from the at least one internal channel 22 of article 20. In certain 
embodiments, transmitting comprises transmitting vibrational energy wherein the 
frequency of the vibrational energy is at least about 1 00 Hz. In particular 
Pl embodiments, the frequency is at least about 1 0 kHz. 

III [001 7] The present inventors have found that the cleaning enhancement offered by the 
2| use of vibrational energy is optimized in particular embodiments, as depicted in 

H- Figure 2, by adjusting at least one of an energy transmission distance 200 extending 

^ : from transmitter tip 202 to a desired reference point 204, and the frequency of the 

m vibrational energy 205, Reference point 204 is often determined to be a region within 

yj article 206 that contains a concentration of debris 208. The determination is done 

ri using any of various methods, including using non-destructive evaluation to 

IS?. I" 

&I determine regions of debris concentration 208. Those skilled in the art will appreciate 

that areas of debris concentration 208 within an article of a particular design often do 
not vary significantly among individual articles, and so after making a preliminary 
determination of the most likely region or regions of debris concentration 208, based 
upon a number of individual specimens of a given article design, a general 
determination of the reference point 204 applicable to the article design can be made 
and used thereafter without making an actual determination for each individual 
article. 

[0018] 

The adjustment described above is made according to the equation d = n X /4, 
where d is energy transmission distance 200, X is the wavelength 210 of the 
vibrational energy 205, and n = 1 ,3,5,7,9, ... . As illustrated in Figure 2, adjusting at 
least one of the energy transmission distance 200 and the frequency as specified 
allows for vibrational energy 205 of maximum absolute displacement to impinge 
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article 206 in the region corresponding to reference point 204, thereby providing an 
optimized amount of vibrational displacement to the region of debris concentration 
208, which results in optimized cleaning efficiency. 

[001 9] In order to further exploit the advantages of the method of the present invention, 
specific embodiments of the present invention include a method for cleaning internal 
channels of a gas turbine engine component, comprising: providing a gas turbine 
engine component, the component comprising at least one internal channel, the at 
least one internal channel comprising at least one inlet port and at least one exit port; 
providing a cleaning apparatus, the apparatus comprising a. a cleaning fluid 
comprising a liquid; b. a reservoir containing the fluid, the reservoir comprising i. an 
interface adapted to accommodate attachment of the reservoir to the gas turbine 
engine component, the interface comprising a manifold adapted to allow fluid 

fir 
«? s 

III communication between the reservoir and the at least one internal channel of the 

II engine component, ii. a cleaning fluid inlet connected to a source of the cleaning 

Hj fluid, and iii. a cleaning fluid outlet, c. a transmitter of vibrational energy projecting 

into the reservoir, the transmitter comprising a transmitter tip; and d. a source of 
vibrational energy coupled to the transmitter, the vibrational energy comprising a 
frequency and a wavelength; attaching the engine component to the apparatus at the 
interface; transmitting vibrational energy from the source of vibrational energy 
through the transmitter to the article; adjusting an energy transmission distance 
extending from the transmitter tip to a desired reference point on the article 
according to the equation d = n X /4, where d is the energy transmission distance, X 
is the wavelength, and n = 1,3,5,7,9, ... and flowing the cleaning fluid from the fluid 
source through the reservoir and the at least one internal channel of the article, and 
out through the cleaning fluid outlet. 

[0020] ji^^ combination of flowing cleaning fluid through the internal passages of the 
article with agitation of the foreign material by controlled use of vibrational energy 
provides significant capability to clean articles with complicated internal channels, 
such as turbine blades, without the need to immerse the articles in a tank of fluid. The 
amount of time needed to clean the passages of an article will depend on a number of 
factors, such as the design of the article and the materials from which the article is 
fabricated, amount and type of debris in the channels, type of cleaning fluid used, and 
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the level of ultrasonic power applied to the article, for example. Generally the cleaning 
process is carried out for a time in the range from about 1 0 minutes to about 1 0 
hours, such as a time in the range from about 1 0 minutes to about 1 hour; a 
measurement, such as by x-ray imaging or other non-destructive evaluation 
technique, or by measuring air flow capability of the internal channels, can be used to 
determine the point at which the internal passages are satisfactorily clear of debris. 

[0021] Another embodiment of the present invention is the apparatus described above. 
To take advantage of the many desirable features presented above, specific 
embodiments include an apparatus for cleaning internal channels of a gas turbine 
engine component, the apparatus comprising: a cleaning fluid comprising water; a 
r j reservoir containing the water, the reservoir comprising an interface adapted to 

ri accommodate attachment of the reservoir to a gas turbine engine component 

m ■ ■ 

comprising at least one internal channel, the interface comprising an orifice to allow 
i.f| fluid communication between the reservoir and the at least one internal channel of the 

^ engine component, a cleaning fluid inlet connected to a source of the cleaning fluid, 

and a cleaning fluid outlet to expel excess cleaning fluid; a fluid circulator coupled to 
yi the source of the cleaning fluid; a transmitter of vibrational energy projecting into the 

reservoir, the transmitter comprising a transmitter tip; and a source of vibrational 
O energy coupled to the transmitter, the vibrational energy comprising a frequency and 

m 

a wavelength; wherein the transmitter is adjustably projecting into the reservoir to 
define an energy transmission distance, the energy transmission distance extending 
from the transmitter tip to a desired reference point on the article, and the energy 
transmission distance is related to the wavelength of the vibrational energy through 
the equation d = n X /4; where d is the energy transmission distance, X is the 
wavelength, and n = 1,3,5,7,9, ... . 

[0022] While various embodiments are described herein, it will be appreciated from the 
specification that various combinations of elements, variations, equivalents, or 
improvements therein may be made by those skilled in the art, and are still within the 
scope of the invention as defined in the appended claims. 
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